well recognized. The development of tissue culture monolayer techniques has stimulated new interest in manifestations of these attributes at the cellular level.
Shigella flexneri and S. sonnei were grown intracellularly in Henle epithelial cell monolayer tissue cultures; uptake of the bacteria was induced by 50% normal horse serum in the infection medium. Since preliminary experiments indicated that streptomycin in the extracellular fluid depressed intracellular multiplication of these organisms, the antibiotic was later omitted from the tissue culture growth fluid. Extracellular multiplication of shigellae was controlled by thorough washing of the infected monolayers and replacement with fresh medium at 2-hr intervals during incubation.
Intracellular growth patterns of two S. flexneri and two S. sonnei strains were established. Differences in the capacity of strains to adapt to the intracellular environment was reflected in the number of organisms subsequently produced, and appeared to be associated with the degree of intracellular resistance to streptomycin.
No such variation was seen in cultures grown in broth.
Microscopic examination of stained monolayers showed that intracellular bacterial growth was confined to the cytoplasm, which became filled with organisms prior to cellular disintegration.
Biological implications of the variable response of Shigella strains to the intracellular environment are discussed.
Infectious agents grown in vivo or in tissue cell systems frequently differ from the same organisms grown in lifeless culture media, in respect to virulence, antigenicity, and susceptibility to antibiotics (McDermott, 1958 (McDermott, , 1959 Smith, 1958; Smadel, 1960 Fell and Brieger (1947) . The usefulness of tissue explants in the exploration of host-parasite relationships on the cellular level is limited by the presence in explants of an unstable variety of cells subjected to undefined and uncontrolled metabolic interactions and possessed of varied capacities for reaction with a given infectious agent.
The development of techniques for the propagation of viruses in tissue culture monolayers (Dulbecco and Vogt, 1954) comprised of individual cell types stimulated fresh inquiries concerning cellular infection with bacteria. Shepard (1955 Shepard ( , 1957a Shepard ( ,b, 1959 has employed HeLa cell monolayers in studying the intracellular growth characteristics of virulent and avirulent mycobacteria and has surveyed the efficacy of sera from several animal species in selectively inducing cell penetration by a number of other bacterial pathogens. Braude and Siemienski (1960) (Cooper, Keller, andil Walters, 1957) , and were tested for serological sp3ecificity with group-and type-specific antisera and for antigenic smoothness by stability in 1:500 acriflavine solution (Painpana, 1933) Dulbecco and Vogt (1954) . The tissues were incubated at 37 C for 20 to 30 min with intermittent shaking after the monolayers loosened from the glass.
Separated cells were further dispersed by gentle mixing w-ith a pipette, and were then sedimented by centrifugation at 1000 rev/min for 5 min.
For each experiment, 10-ml aliquots from a single susplension of cells lpooled from 10 bottles were dispensed into each of 100 new bottles. Under these conditions, uniform monolayers incubated at 37 C were obtained in 6 to 7 days. For microscopic examination of monolayers, cells were grown on coverslips in Leighton tubes (Mlicrobiological Associates, Inc., Bethesda, MId.). The infected tissue )reparations were washed three times in PBS, fixed in 10% neutral formalin in distilled water, and stained by the modified Giemsa method described bv Eisler and Bevis (1953) . Tissues stainedl by this method could be held for several months without fading.
Intracellular infection of cells. Initially, intracellular infection w-as indluced by the methodl describedl by Shepard (1955 Shepard ( , 1959 : Washed (five times with PBS) monolayers were incubated at 37 C with an infection medium containing a known concentration of Shigella organismns. The infection medium consisted of normal inactivated (56 C, 2 hr) horse serum which had been diluted to 40% in PBS and shown to be free of inhibitory activity or of agglutinins for shigellae. After 2.5 hr, the tissues were washed three times with PBS; 10 ml of Eagle's medium llus 10% human serum, containing streptomycin (10 ,ug per ml) to suppress extracellular multiplication of bacteria, were added an(l incuubation was continued. After preliminary experiments indicated that the presence of strep)tomycin in the extracellular fluid diminished intracellular multiplication of shigellae, streptomycin was omitted from the nutrient fluid. Extracellular multiplication was controlled by washing the infected monolayers three times with PBS and replacing the medium at 2-hr intervals during the course of incubation. Effect of streptomycin on intracellular multiplication of Shigella. To compare growth curves of intracellular organisms when various concentrations of streptomycin were present in the extracellular fluid, monolayers were infected by incubating them at 37 C with 6 ml of an infection medium containing approximately 3 X 107 organisms per ml of strain B3F. After 2.5 hr incubation, the infection medium was replaced by nutrient fluid containing streptomycin. Low concentrations of the drug in the nutrient fluid, while effective in suppressing multiplication of extracellular organisms, also inhibited intracellular multiplication; in the absence of streptomycin, intracellular multiplication increased by approximately 2 log within 6 hr of incubation (Fig. 1) . 3.5 X 105 1.5 X 106 2.5 X 107 3.0 X 106 3.5 1.9 X 105 9.3 X 104 9.8 X 106 9.0 X 106 5.8 X 105 2.8 X 104 9.5 X 106 7.0 X 106 Since shigellae grew freely in the streptomycinfree nutrient fluid utilized for Henle cell cultures, some method to differentiate intracellular and extracellular organisms was required for a study of the characteristics of the intracellular organisms. An alternative method to the use of an antibiotic in the nutrient fluid appeared to be frequent changes of nutrient fluid after thorough washing of the monolayers. essentially constant for all strains, but then resulted in a considerable difference in the peak yields reached after 9 to 12 hr of postinfection incubation. Growth in broth, however, showed no such strain differentiation. All four strains under these conditions gave the same curve. Microscopic examination of stained preparations of coverslip tissue cultures, which had been made simultaneously with the above bottle cultures used for the growth curve determinations, showed gross cellular deterioration at 12 hr incubation in tissues infected with the two high-yield strains B4bM and DI(DG); no cytopathogenicity was evident in tissues infected with the two low-yield strains after 15 hr incubation.
RESULTS

Reproducibility
Sensitivity of Shigella strains to streptomycin. Similar determinations were made on the growth of these four Shigella strains in tissue cells and in BHI broth, in the presence of 10 lOg of streptomycin per ml of medium. Figure 3 shows that the two high-yield strains while growing intracellularly were markedly less susceptible to streptomycin than were the two low-yield strains, the former showing peak yields approximately 3 to 4 log higher at 6 to 9 hr of incubation. In broth, no substantial differences were seen in the susceptibility to streptomycin of three of (Fig. 4) ; the fourth strain, DI(DG), had apparently become strel)tomycin resistant after a 3-hr lag period.
Microscopic appearance of infected Henle cells. Stained coverslip tissue preparations were exaimiined at intervals (luring the intracellular growtth cycle of the four Shigella strains studied. Cells representative of several stages of infection are illustrated in Fig. 5 .
In tissues infected with the two low-yield strains, only an occasional intracellular organism could be found at anyr stage. In tissues infected with the two high-yield strains, however, infected cells were plentiful after 3.5 hr incubation. After 6 hr, larger numbers of bacteria were seen in infected cells. Cellular disintegration became widespread at 12 to 15 hr, and cells containing all degrees of bacterial multiplication were visible. Figure 5A shows a cell in an early stage of infection in which active division of the elongated bacteria scattered throughout the cytop)lasm is taking place. Figure 5B shows a cell, at a later stage of infection, filled with organisms, with beginning cytop)lasmic disintegration and pycnosis and hyperchromatosis of the nucleus. Figure 5C contains a cell whose cytoplasm is so densely packed with organisms that the nucleus appears to be displaced and indented. These tissues were all infected with the Flexner strain B4bMi. In Fig. 5D , an essentially similar picture is seen of a cell infected with the Sonne strain D I(DG).
All four photographs in Fig. 5 illustrate that bacterial multiplication appeared to be confined to the cytoplasm of individual cells wvithout extension to immediately adjacent cells, many of which were entirely devoid of organisms. The paucity of bacteria in areas external to the sharply defined cell boundaries indicates, first, a remarkable capacity of the cells to maintain structural integritv in the presence of extensive intracellular bacterial multiplication, and, secondly, the efficacy of repeated washings of the tissue as a means for removing extracellular organisms.
Comparison of the cellular picture at successive intervals of inctubation with the intracellular growth curves illustrated in Fig. 2 (Watkins, 1960) . No The observations of strain variability of Shigella, demonstrable only in an intracellular environment, are in accord with McDermott's (1958 McDermott's ( , 1959 suggestion that it is the adaptive capability of the individual organism that is the key factor in determining the effect of a particular environment upon the host-organism interaction. Others have reported the capacity of cells in tissue culture to differentiate between pathogenic and nonpathogenic organisms. Holland and Pickett (1956) , using chick fibroblasts, and Stinebring and Kessel (1959) , using guinea pig mononuclear cells, were able to distinguish virulent from avirulent Brucella species, while Shepard (1957a Shepard ( ,b, 1958 had similar results with mycobacteria growing in HeLa cells. However, the diminished yields and variable response of Shigella strains in an intracellular location subjected to the action of streptomycin concentrations lethal to the same organisms growing extracellularly apparently was not a problem with the bacterial species studied by these workers.
Thayer and his associates (1957a,b) have reported on the failure of a number of antibiotics to affect gonococci growing intracellularly in tissue culture. On the other hand, Smadel (1960) has indicated that tissue cultures infected with Salmonella typhosa can be freed of infection with the proper antibiotic treatment. (After completion of work described here, Merriott et al. (1961) reported that streptomycin interfered with intracellular growth of Pasteurella tularensis in L cells.)
Microscopic examination of densely infected cells reveals remarkably little cellular deterioration, suggesting that the metabolic activities of both cell and organism may proceed for some time until mechanical pressure disrupts the former. This arouses speculation as to what contribution cellular enzymatic systems may make to bacterial ecology. Smadel (1960) has suggested the utilization of tissue culture systems for studies of the carrier state in certain infections.
Such host-parasite models should receive attention for potential contributions to an understanding of the pathogenesis of localized diseases such as shigellosis.
